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Abstract
A new set of hadronic form factors, which has been implemented in TAUOLA, is described.
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1. Semileptonic tau decays in TAUOLA
Tau decays including hadrons are a privileged sce-
nario [1] to study non-perturbative QCD in a rather
clean environment provided by the electroweak half
of the process. In Ref. [2] it was concluded that the
most essential missing step to perform, concerning the
study of hadronic tau decays, was the appropriate choice
of the hadronic currents. The original version of the
Monte Carlo (MC) generator TAUOLA [3] used the so-
called Ku¨hn-Santamarı´a (KS) model [4], and its exten-
sions, to construct them. Within this model, they are
built to fulfil the leading order (LO) result in the low-
energy effective field theory of QCD, Chiral Perturba-
tion Theory (χPT ) [5], but they violate the next-to-
leading order (NLO) one [6]. This approach was suf-
ficient and succesful twenty years ago, but already the
CLEO and Aleph Collaborations realized, later on, de-
partures of the predictions from data, a feature which
could be expected taking into account several incon-
sistencies in later parametrizations of the three meson
modes including Kaons [7]. This resulted in private
versions of the code, with fine-tuned initializations -
which sometimes violated basic principles of QCD[8]-
that were documented in Ref. [9]. Nowadays, with the
massively increased data samples from the B-factories
BaBar and Belle -the most of which have not been an-
alyzed yet-, it is pressing to upgrade the hadronic cur-
rents in TAUOLA in order to obtain as much QCD in-
formation as possible from experiment; moreover with
the perspective of the super-flavour factories producing
huge amounts of high-quality data in the near future.
In Ref. [10] a new set of form factors for hadronic tau
decays based in analytical results obtained from Reso-
nance Chiral Theory (RχT )[11] is documented. In these
Proceedings, a description of the implementation of the
new modules of the MC program for its user is given
in Ref. [12]. Here we focus on the hadronic currents
themselves.
Lorentz invariance determines the most general de-
composition of the hadronic current. This is
Jµ = N
[(p1 − p2)µFV (s) + (p1 + p2)µFS (s)] , (1)
in the two-meson channels, where FV (s) and FS (s) are
the vector and scalar form factors, given in terms of s =
(p1 + p2)2, and
Jµ = N
{
T µν
[(p2 − p3)νF1 + (p3 − p1)νF2 (2)
+(p1 − p2)νF3] + qµF4 − i4π2F2 ǫµ. νρσpν1 pρ2 pσ3 F5} ,
in the three-meson decays1, where Tµν = gµν − qµqν/q2
stands for the transverse projector, and qµ = (p1 + p2 +
p3)µ is the momentum of the hadronic system. Only
two among the F1, F2 and F3 (axial-vector) form fac-
tors are independent. F4 is the generally suppressed
pseudoscalar form factor and F5 is the vector form fac-
tor. The kinematical invariants are q2, and two of the
1The (by-far) most important four-meson tau decay, into four pi-
ons, is currently parametrized following Ref. [13].
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three si j = (pi + p j)2 = sk, i , j , k = 1, 2, 3, since
s3 = q2 − s1 − s2 + m21 + m22 + m23. Chiral symmetry
relates the N factors for the diverse decay channels in
Eqs.(1) and (2), respectively. Unfortunately, there is no
analytic way of deriving the expression of these form
factors from the QCD Lagrangian. This does not mean
that the underlying theory is useless to find them, as we
discuss next.
2. Theoretical setting
QCD has a well-defined expansion parameter at low
energies within the light quark sector, ΛχPT , that allows
to build χPT . The associated approximate chiral sym-
metry is useful to understand the data at low values of
the invariant mass of the hadronic system, but it is in-
sufficient to explain them throughout the whole phase
space [14]. This happens because ΛχPT is no longer
small for E & mK . 1/NC [15] seems a good candidate to
build the expansion upon, given its success in explaining
many features of meson phenomenology [16]. Further-
more, it proves efficient in dealing with effective field
theories of QCD in the low- and intermediate-energy
regions, χPT and RχT in our context [17]. Working
at lowest order in 1/NC amounts to consider an infi-
nite number of stable resonances which experience lo-
cal effective interactions at tree level among them. This
supports RχT , which includes the χPT Lagrangian at
LO, and reproduces the one at NLO upon integration of
the resonances [11], which are active degrees of free-
dom in the theory. RχT provides a rigorous way [18]
of computing a NLO effect in this expansion, the reso-
nance widths, of paramount importance to understand
hadronic tau decay data. A model independent real-
ization of the infinite tower of resonances remains un-
known. We model this setting by cutting the spec-
trum in a way that resembles nature. One hopes that
since the lowest-lying resonances dominate the light-
flavour Physics, this procedure would allow to capture
the essentials of the involved dynamics. The RχT , de-
rived from symmetries, is still lacking the short-distance
QCD behavior. When it is imposed to the Green func-
tions [19] and associated form factors, a number of re-
lations between the Lagrangian couplings arise, making
the theory more predictive.
3. τ− → pi−pi0ντ
There are different approaches to deal with the di-
verse energy regimes which are probed through this de-
cay: χPT should be a valid description of the data for
s << Mρ. Computations at NNLO are available both in
the S U(2) [20] and in the S U(3) [21] symmetry cases.
In the region Mρ . s . 1 GeV, the chiral expansion
breaks down and the dominant ρ(770) exchange has to
be accounted for. Several approaches have been de-
veloped. Among them, matching χPT results to vec-
tor meson dominance using an Omne`s solution [22] for
the dispersion relation [23], employing an Omne`s so-
lution for the dispersion relation [24] or utilizing the
unitarization approach [25]. For larger energies, in the
1-2 GeV region, the excited resonances play an impor-
tant role and shall be incorporated to the description.
Ref. [26] includes the ρ(1450) through a Schwinger-
Dyson-like resummation and Refs.[27] include a tower
of resonances inspired from dual QCD. Since Ref. [23]
will be our starting point, let us recall their main features
in the following.
In this case N =
√
2 in Eq.(1), and the scalar form
factor is zero in the S U(2) symmetry limit 2. The vector
form factor, at NLO in χPT , is
FV (s) = 1+ 2L
r
9(µ)
F2π
s− s96πF2π
[
Aπ(s) + 12 AK(s)
]
, (3)
with
AP(s) = Log
m2P
µ2
 + 8m2P
s
− 53 + σ
3
PLog
(
σP + 1
σP − 1
)
,
σP =
√
1 − 4m
2
P
s
. (4)
The computation in RχT , within the antisymmetric ten-
sor formalism, reads
FV (s) = 1 + FVGV
F2π
s
M2ρ − s
. (5)
When FV (s) s→∞−−−→ 0 is required, the condition FVGV =
F2π is found, which yields the vector meson dominance
prediction (µ ∼ Mρ)
FV (s) = M
2
ρ
M2ρ − s
⇔ Lr9 =
F2π
2M2ρ
. (6)
The matching of Eqs.(3) and (6) is straightforward
FV (s) = M
2
ρ
M2ρ − s
− s
96πF2π
[
Aπ(s) + 12 AK(s)
]
. (7)
2Even when first order isospin violating corrections are included
[28] it does not contribute.
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When unitarity and analiticity properties are required,
the Omne`s solution emerges
FV(s) = M
2
ρ
M2ρ − s
exp
{
− s
96πF2π
[
Aπ(s) + 12 AK(s)
]}
.
(8)
Not surprisingly, the ρ(770) off-shell width is related to
the imaginary part of the same loop function
Γρ(s) =
−Mρs
96π2F2π
ℑm
[
Aπ(s) + 12 AK(s)
]
. (9)
A possible solution to avoid double counting of the
imaginary parts, which was adopted in Ref. [23], is
FV (s) = M
2
ρ
M2ρ − s − iMρΓρ(s)
e
{
− s
96πF2π
ℜe[Aπ(s)+ 12 AK (s)]
}
.
(10)
Eq.(10) reproduces χPT at NLO, vanishes at s →
∞, has S U(2) symmetry built-in and complies with
analiticity and unitarity constraints up to first order in
the expansion of the exponential. This description was
successfully confronted to data using only one parame-
ter, Mρ. Present data have become much more precise
and the Belle results [29] point to an interference pattern
between excited resonances in this decay. All this moti-
vates us to include [30], analogously, the contribution of
the excited resonances [ρ′ = ρ(1450) and ρ′′ = ρ(1700)
in this case] while keeping these nice properties [31]
FV(s) = M
2
ρ + s(γeiφ1 + δeiφ2)
M2ρ − s − iMρΓρ(s)
e
{
ℜe
[
−s
96π2F2π
(Aπ(s)+ 12 AK (s))
]}
− γse
iφ1
M2
ρ′ − s − iMρ′Γρ′ (s)
e

−sΓρ′
(
M2
ρ′
)
πM3
ρ′σ
3
π
(
M2
ρ′
)ℜeAπ(s)

− δse
iφ2
M2
ρ′′ − s − iMρ′′Γρ′′ (s)
e

−sΓρ′′
(
M2
ρ′′
)
πM3
ρ′′σ
3
π
(
M2
ρ′′
)ℜeAπ(s)

. (11)
The parameters γ and δ are related to RχT couplings for
the excited resonances [as γKπ in Eq.(13)], the Γρ′(s)
and Γρ′′(s) widths are modeled as decays to two pi-
ons, and the phases φ1 and φ2 should vanish, at least,
as 1/NC . Eq.(11) corresponds to what is included in
TAUOLA right now 3. SU(2) breaking has only been
coded partially, through the kinematical and loop func-
tions. Electromagnetic corrections [28, 32] have been
considered [30] but not incorporated to the MC yet.
3The values of the parameters for this mode and the others can be
found in the quoted references, where comparisons to data are also
available.
An alternative approach to using the Omne`s solution
consists in employing an n-subtracted dispersion rela-
tion where the relevant phaseshift, δ11(s), is obtained as
ℑmFV (s)/ℜeFV (s). In this procedure [33], unitarity
and analiticity are satisfied to all orders with [30]
FV (s) = M
2
ρ + s(γeiφ1 + δeiφ2 )
M2ρ
[
1 + ξρℜe
(
Aπ(s) + 12 AK(s)
)]
− s − iMρΓρ(s)
− γse
iφ1
M2ρ′
[
1 + ξρ′ℜeAπ(s)
]
− s − iMρ′Γρ′(s)
− δse
iφ2
M2
ρ′′
[
1 + ξρ′′ℜeAπ(s)
]
− s − iMρ′′Γρ′′ (s)
, (12)
in which ξρ = s96π2F2π and ξρ′ =
sΓρ′
(
M2
ρ′
)
πM3
ρ′σ
3
π
(
M2
ρ′
) (analogously
for ξρ′′ ). The result for the resummation in Ref. [18] has
been employed in the denominator of the ρ contribution.
4. Other two meson τ decay channels
The τ− → K−K0ντ decays are again described only
in terms of the vector form factor to an excellent de-
gree of approximation. The current parametrization
in TAUOLA follows the Guerrero-Pich formula, see
Eq.(10) [23, 34]. There is also an option to use Eq.(11).
Further developments in FVππ(s) will be immediately
translated to FVKK(s). The vector form factor in the
τ− → (Kπ)−ντ decays is currently coded following
Ref. [35]
FVKπ(s) =
 M2K∗ + sγKπM2K∗ − s − iMK∗ΓK∗ (s) −
sγKπ
M2K∗′ − s − iMK∗′ΓK∗′ (s)
 ×
exp
{ −s
128π2F2
ℜe
[
AKπ(s) + AKη(s)
]}
. (13)
The function APQ(s) is [5]
APQ(s) = −
192π2 [s MPQ(s) − LPQ(s)]
s
, (14)
in the notation of Gasser and Leutwyler. An option will
be given to switch between this form factor and the one
in Ref.[33] 4. The scalar form factor is fundamental in
this decay channel to achieve a precise description of the
decay data [37] at low values of s. Moreover, it is es-
sential to understand CP violation in this channel, which
has been reported recently [38]. TAUOLA is ready [3]
to handle such τ+ and τ− distinguishing terms. The im-
plementation of FSKπ(s) [39] is documented in Ref. [40].
4Other interesting approaches are those of Refs.[36].
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5. Three meson τ decay channels
The τ− → (πππ)−ντ and τ− → (KKπ)−ντ decays
have been coded following Refs. [41]. One- and two-
resonance exchange diagrams were considered within
RχT and the appropriate short-distance behaviour was
required, yielding sets of compatible relations among
the Lagrangian couplings in both decays (including
FVGV = F2π, as in the two meson tau decays). The
ρ′ resonance was introduced phenomenologically to im-
prove the description of the data in the τ− → (πππ)−ντ
decays. The progress with respect to the earlier descrip-
tion given by the KS model can be appreciated in Fig.
1 of Ref. [42]. The inclusion of final state interactions
(FSI) in these decays is under study [40]. It should im-
prove the agreement with data in the dΓ/dsi j distribu-
tions, specially at low values of si j.
6. Conclusions
A set of form factors based on RχT calculations,
corresponding to 88% of the hadronic width of the τ
lepton, has been implemented in TAUOLA. They are
ready for precise confrontation with data gathered at
Belle and BaBar (and future Belle II & Frascati superB
facilities). In order to obtain the maximum possible
information from experiments, the theory input to
the MC has to be as accurate as possible with known
properties respected (χPT results at low energies,
smooth behaviour of the form factors at short distances,
unitarity, analiticity, ...). Still, there are improvements
to be done in all modes: appropriate inclusion of SU(2)
breaking in the π−π0 channel, stabilization of FSKπ(s),
inclusion of excited resonances in the KKπ modes,
and addition of FSI (mainly the σ effect) in the 3π mode.
I congratulate the organizers of PHI PSI 11 and
of the WG on MC Generators for low-energy Physics
for their excellent job. I acknowledge funding of the
FPA2007-60323 and CPAN (CSD2007-00042) grants.
References
[1] J. Portole´s, Nucl. Phys. Proc. Suppl. 169 (2007) 3. A. Pich,
Nucl. Phys. Proc. Suppl. 181-182 (2008) 300. M. Jamin, Nucl.
Phys. Proc. Suppl. 218 (2011) 98.
[2] S. Actis et al. [Working Group on Radiative Corrections and
Monte Carlo Generators for Low Energies Coll.], Eur. Phys. J.
C 66 (2010) 585.
[3] S. Jadach, Z. Was, R. Decker and J. H. Ku¨hn, Comput. Phys.
Commun. 76 (1993) 361.
[4] A. Pich, Conf. Proc. C 890523 (1989) 416. J. H. Ku¨hn and
A. Santamarı´a, Z. Phys. C 48 (1990) 445.
[5] S. Weinberg, PhysicaA 96 (1979) 327. J. Gasser and
H. Leutwyler, Annals Phys. 158 (1984) 142, Nucl. Phys. B 250
(1985) 465, Nucl. Phys. B 250 (1985) 517.
[6] D. Go´mez Dumm, A. Pich and J. Portole´s, Phys. Rev. D 69
(2004) 073002.
[7] P. Roig, Nucl. Phys. Proc. Suppl. 181-182 (2008) 319.
[8] J. Portole´s, Nucl. Phys. Proc. Suppl. 144 (2005) 3.
[9] P. Golonka, B. Kersevan, T. Pierzchala, E. Richter-Was, Z. Was
and M. Worek, Comput. Phys. Commun. 174 (2006) 818.
[10] O. Shekhovtsova et. al., to appear soon.
[11] G. Ecker, et al. Nucl. Phys. B 321 (1989) 311, Phys. Lett. B 223
(1989) 425.
[12] Z. Was, these procs., and Nucl.Phys.Proc.Suppl.218(2011)249.
[13] A. E. Bondar, S. I. Eidelman, A. I. Milstein, T. Pierzchala,
N. I. Root, Z. Was and M. Worek, Comput. Phys. Commun.
146 (2002) 139.
[14] G. Colangelo, M. Finkemeier and R. Urech, Phys. Rev. D 54
(1996) 4403.
[15] G. ’t Hooft, Nucl. Phys. B 72 (1974) 461, Nucl. Phys. B 75
(1974) 461. E. Witten, Nucl. Phys. B 160 (1979) 57.
[16] A. V. Manohar, hep-ph/9802419.
[17] A. Pich, hep-ph/0205030.
[18] D. Go´mez Dumm, A. Pich and J. Portole´s, Phys. Rev. D 62
(2000) 054014.
[19] P. D. Ruiz-Femenı´a, A. Pich and J. Portole´s, JHEP 0307 (2003)
003. V. Cirigliano, G. Ecker, M. Eidemu¨ller, A. Pich and J. Por-
tole´s, Phys. Lett. B 596 (2004) 96. V. Cirigliano, G. Ecker,
M. Eidemu¨ller, R. Kaiser, A. Pich and J. Portole´s, JHEP 0504
(2005) 006, Nucl. Phys. B 753 (2006) 139.
[20] J. Bijnens, G. Colangelo and P. Talavera, JHEP 9805 (1998) 014.
[21] J. Bijnens and P. Talavera, JHEP 0203 (2002) 046.
[22] R. Omne`s, Nuovo Cim. 8 (1958) 316.
[23] F. Guerrero and A. Pich, Phys. Lett. B 412 (1997) 382.
[24] A. Pich and J. Portole´s, Phys. Rev. D 63 (2001) 093005.
[25] J. F. De Troco´niz and F. J. Yndurain, Phys. Rev. D 65 (2002)
093001. J. A. Oller, E. Oset and J. E. Palomar, Phys. Rev. D 63
(2001) 114009.
[26] J. J. Sanz-Cillero and A. Pich, Eur. Phys. J. C 27 (2003) 587.
[27] C. A. Domı´nguez, Phys. Lett. B 512 (2001) 331. C. Bruch,
A. Khodjamirian and J. H. Ku¨hn, Eur. Phys. J. C 39 (2005) 41.
[28] V.Cirigliano, G.Ecker and H.Neufeld,Phys.Lett.B513(2001)361.
[29] M. Fujikawa et al. [Belle Coll.], Phys. Rev. D 78 (2008) 072006.
[30] P. Roig et al., in preparation.
[31] M. Jamin, A. Pich and J. Portole´s, Phys. Lett. B 640, 176 (2006).
[32] V. Cirigliano, G. Ecker and H. Neufeld, JHEP 0208 (2002) 002.
F. Flores-Ba´ez, A. Flores-Tlalpa, G. Lo´pez Castro and G. Toledo
Sa´nchez, Phys. Rev. D 74 (2006) 071301, Nucl. Phys. Proc.
Suppl. 169 (2007) 250.
[33] D. R. Boito, R. Escribano and M. Jamin, Eur. Phys. J. C 59
(2009) 821.
[34] E.Arganda, M.J.Herrero and J.Portole´s, JHEP 0806 (2008) 079.
[35] M. Jamin, A. Pich and J. Portole´s, Phys. Lett. B 664 (2008) 78.
[36] B. Moussallam, Eur. Phys. J. C 53 (2008) 401. D. R. Boito,
R. Escribano and M. Jamin, JHEP 1009 (2010) 031,
arXiv:1101.2887 [hep-ph].
[37] D. Epifanov et al. [Belle Coll.], Phys. Lett. B 654 (2007) 65.
B. Aubert et al. [BABAR Coll.], Phys. Rev. D 76 (2007) 051104,
Nucl. Phys. Proc. Suppl. 189 (2009) 193.
[38] [BABAR Coll.], [arXiv:1109.1527 [hep-ex]].
[39] M. Jamin, J. A. Oller and A. Pich, Nucl. Phys. B 587 (2000)
331, 622 (2002) 279, Phys. Rev. D 74 (2006) 074009.
[40] O. Shekhovtsova et. al., in preparation.
[41] D. G. Dumm, P. Roig, A. Pich and J. Portole´s, Phys. Lett. B 685
(2010) 158, Phys. Rev. D 81 (2010) 034031.
[42] P. Roig, Nucl. Phys. Proc. Suppl. 189 (2009) 78.
